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Magnetic bubble memory technology offers several desir- 
able characteristics for applications in space as a mass 
data recording and storage system. 

A modular combination of Intel Corp. state-of-the-art 
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which can be configured as a digital data recorder of vari- 
able capacity and input rate. 

A description of magnetic bubble memory technology and 
operation is included in an appendix. 
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I. INTRODUCTION 



A. MAGNETIC BOBBLE HEHORIES AND SPACE APPLICATIONS 

[Ref. 1 ] states that the desired characteristics for 
space-based memory systems are non-volatility, versatility, 
reliability and ruggedness, and cost effectiveness. 
[Ref. 2 ] is more specific in stressing the importance of 
radiation hardness and constraints on physical size, weight, 
and power consumption of all space-based systems. 

Many of the references surveyed for this paper describe 
benefits offered by magnetic bubble memory systems for 
applications in space. Most of these benefits are attribu- 
table to the physical properties of magnetic bubble 
memories. 

The cost for placing a specific payload into space is 
derived from both the weight and the volume of the system. 
Magnetic bubble memories are light-weight, compact, solid- 
state digital data storage systems conf igureable in many 
ways to fit different requirements in size and weight, as 
well as performance. 

Space is a harsh environment for which the solid-state 
nature of magnetic bubble memory is well suited. Some memo- 
ries, such as analog tape recording systems and disk /drum 
units, have moving parts which may need lubricants, an 
atmosphere, and a controlled environment for proper opera- 
tion. Solid-state magnetic bubble memories have no moving 
parts, are operable in the vacuum of space, and over a wide 
range of temperatures. The relatively rugged solid-state 
construction also allows easier design in withstanding the 
shocks and vibrations experienced by space systems during 
launch and maneuvers. 
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Ambient radiation and its effect on stored digital 
information is another problem still under investigation 
[Ref. 3]. While its associated support components are ordi- 
nary solid-state elements routinely used in space today, the 
data-storing magnetic bubble memory chip is surrounded by 
permanent magnets, field-producing coils, and a shield to 
isolate these strong magnetic fields from nearby systems. 
This configuration makes magnetic bubble memory chips natu- 
rally harder to radiation effects than ordinary solid state 
memory components. 
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Figure 1. 1 fleaory Technology Comparison. 

Power consumption is another major concern of space 
system engineers. A magnetic bubble memory consumes power 
only when data is being transferred or when the system is 
being prepared for transfers. No power is required to main- 
tain data within a magnetic bubble memory system, unlike 
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systems using other solid-state storage technologies such as 
charged couple devices or random access memories. This 
characteristic is especially attractive for space systems 
which store recorded data for later transmission to a ground 
station [Bef. 4] or for systems which must be capable of 
retaining alterable instructions indefinitely for later 
implementation at a deep-space destination [Bef. 5]. 
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Magnetic bubble memory systems have inherently slow 
access times due to the physical arrangement of the data 
storage architecture. This limits their usefulness in high- 
speed data storage and retrieval, such as required in a 
main-frame type computing system. However, magnetic bubble 
memory systems provide an excellent means for mass data 
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recording and storage. The modular characteristics of 
present magnetic bubble memory designs permit custom config- 
uration to meet virtually any recording need in terms of 
data input rates and memory capacities by varied combina- 
tions of discrete memory units. 




Figure 1.2 Cost per Bit vs. Access Time. 

Figure 1.1 illustrates the memory capacities associated 
with different types of memory uses and indicates the 
competitive memory systems within each type. The figure 
suggests that, due to the modularity of this type of system, 
magnetic bubble memories could be configured for use in all 
these types of memory applications. 

Table 1 lists bubble memory advantages and disadvantages 
when compared with seme competitive memory systems. 

The following figures compare magnetic bubble memory 
technology with ether memory technologies using access time 
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Access tlrne In seconds 



Figure 1-3 Beiory Capacity vs. Access Tine- 
as a common denominator. Figure 1.2 [Ref. 6] indicates 
magnetic bubble memory comparative cost and figure 1.3 
[Ref. 7] compares the expected performance of magnetic 
bubble memories with ether memory systems. In both compari- 
sons it is seen that magnetic bubble memories fill a gap, in 
terms of these performance measures, when compared to all 
technologies in general use. However, not all these technol- 
ogies are as suitable for space-based applications and none 
offer as many benefits for such use as does magnetic bubble 
memory. 
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II. A JAGBETIC BOBBLE MEMORY SYSTEM 



In 1979 Intel Corporation of Santa Clara, Ca. introduced 
a digital data storage and retrieval system based on 
magnetic bubble technology [Ref. 8]. The system was capable 
of storing up to one-megabit of digital information in a 
single bubble memory chip with the aid of a family of compo- 
nents performing support and interface functions. 
Improvements, mainly in production techniques, allowed an 
increase in storage capacity within the same storage area 
[Ref. 9] and resulted in the recent release of a new family 
of magnetic bubble memory components with a single bubble 
memory chip capable of storing up to four-megabits of 
digital information. This is the maximum single-chip 
storage capability available in this technology today. 

The advantage offered by the Intel magnetic bubble 
memory chip family is the ease with which a magnetic bubble 
memory system can be implemented. The elements of the 
system can be combined to form modular components which may 
be configured in many ways to provide different capabilities 
in terms of data rate and storage capacity. 

Early designs required the user to be concerned with 
overseeing proper operation of the magnetic bubble system 
internal functions as well as control of data flow into and 
out of the memory [Ref. 10]. Intel components feature a 
dedicated bubble memory controller to perform these internal 
functions independently and serve as a simple interface 
between the memory and the external system. 

This chapter introduces the Intel components which can 
be used to design a magnetic bubble memory system. The 
first section describes the individual components which make 
up a magnetic bubble memory "module" capable of storing 
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four- megabits of digital information. The second section 
describes the controller chip which coordinates memory 
access functions within a module. Configurations associ- 
ating multiple memory "modules" with a single bubble memory 
controller are discussed in the third section. A four- 
megabyte configuration, incorporating eight memory modules 
and one bubble memory controller on a single board, is 
described in the fourth section. This represents the basic 
element used in the proposed design of a digital data 
recorder for space-tased applications presented in Chapter 
4. The last section describes the capability for parallel 
controller operations which enhances even further the 
possible performance of the magnetic bubble memory system. 

Appendix A presents an explanation of the basic opera- 
tion of a magnetic tubble memory. It is assumed that the 
reader is familiar with this information and only a func- 
tional description of the role each component performs in 
magnetic bubble memory system operation is presented in this 
chapter. Appendix B contains a more detailed description of 
the available Intel magnetic bubble memory components. 

Readers should be particularly aware that this chapter 
and the following proposed designs incorporate the expected 
capabilities of the 7225 bubble memory controller and 7245 
formatter/sense amplifier chips not yet available as produc- 
tion components. This is explained more fully in the intro- 
duction to Appendix E. 

A. THE FOOH— MEGABIT HAGHETIC BOBBLE HEMOBI MODOLE 

Figure 2.1 depicts the Intel Corp. components used to 
construct a magnetic tubble memory system capable of storing 
four-megabits of digital information. 

The components listed below the 7225 BMC combine to form 
a memory "module" which represents the basic block of 
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Figure 2. 1 Bubble Memory System Components. 

storage capacity on which designs of systems with higher 
capacities and capabilities are based. The module contains 
a single bubble memory chip and support components which 
must accompany each memory chip for proper operation. 

Since the bubble memory controller may be associated 
with multiple memory modules, description of this component 
is provided separately in the next section. 
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1 • The 2H4 Magnetic Bubble Memory. Chip 

The 7114 magnetic bubble memory (MBK) chip contains 
the substrate in which magnetic bubbles are stored, the 
permalloy structures which determine bubble location, the 
permanent magnets which ensure bubble stability, and the 
perpendicular coils which control bubble movement. The 
entire assembly is enclosed in a case designed to protect 
internal and external components from stray magnetic fields 
( Figure 2.2 ) . 




i 



Figure 2.2 7114 Magnetic Bubble Memory Chip Assembly. 



a. Data Organization 

The major- track/ mi nor- loop data storage archi- 
tecture of the 7114 MEM consists of 512 storage "loops" with 
8192 discrete locaticns per loop providing a maximum user 
storage capability of 4,194,304 bits (four-megabits) of 
digital information. This architecture requires transfer of 
data in "pages" of 512 bits (64 bytes) of information each 
input/output operation, corresponding to one bit of informa- 
tion per storage loop. Each chip can store up to 8192 data 
pages. 

1. Bootloop and Error Correction Codes 

Twenty-eight additional loops are used to store 
twenty-eight bits of error correcting code appended to each 
data page input to the memory for storage. Error correcting 
capabilities are discussed in Chapter 3. 

Two more loops contain the bootloop information 
specific fcr each bubble memory chip. These loops contain a 
digital representation of the operating loops within the 
chip and a synchronization code which identifies the refer- 
ence page from which all other stored pages are located. 
This information is used by the support components to format 
the data correctly for input and output operations and to 
keep track of data flow and placement within the memory. 

Figure 2.3 depicts the signals associated with 
the 7114 MBM. These signals are provided by or to the 
support chips under guidance of the bubble memory controller 
to perform the functions necessary for proper memory opera- 
tion as described in Appendix A, namely: establishment of a 
rotating magnetic field for bubble movement within the 
memory, signals to generate data bubbles from seed bubbles 
for input, swap and replicate signals for bubble movement 
into and out of the storage loops, and detection of voltage 
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7245 

FSA 



Figure 2.3 7114 Magnetic Bubble Memory Chip Signals. 

signals from the detector circuits for data output from the 
memory. 

The following subsections describe the support 
components that perform most of these functions and which 
must accompany each memory chip for proper operation. 

2 • The 7250 Co il Pre- Driver Chip and 7264 Coil Drive 

Transistors 

Figure 2.4 depicts the 7250 coil pre-driver (CPD) 
chip and the two sets of four matched 7264 coil drive tran- 
sistors (CDTs) used to produce current signals sent to the 
two perpendicular ceils surrounding the substrate material 
within the 7114 MBM. 

The 7250 CPD and 7264 CDTs produce triangular 
current waveforms which are applied in quadrature to the 
perpendicular coils based on timing signals from the bubble 
memory controller. This establishes a rotating magnetic 
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Figure 2.4 7250 CPD and 7264 CDT Signals. 

field about the substrate which induces movement of stored 
magnetic bubbles within the 7114 MBM chip.. 

3 • 7he 7234 Cur ren t Pulse Generator C hip 

Figure 2.5 shows the signals associated with the 
7234 current pulse generator (CPG) chip. Based on signals 
from both the bubble memory controller and the formatter/ 
sense amplifier chip, the 7234 CPG sends current pulse 
signals to the 7114 MBM which perform the generate, swap, 
and replicate functions necessary during read and write 
operations with the memory. 
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Figure 2.5 7234 Current Pulse Generator Chip Signals. 

The 7234 receives both the 5-volt anl 12-volt power 
supplies required by the memory system and acts as a monitor 
for these supplies. If either source falls below specified 
thresholds (Appendix E ) , a power-fail signal is sent to the 
bubble memory controller to aid in deactivation of the 
system in an orderly sequence to preserve data integrity. 

4- Ihe 7245 Formatt er/ Sense Amplifier Ch ip 

Ihe 7245 1 formatter /sense amplifier (FSA) interacts 
with each of the memory components and performs a number of 
functions concerned with data transfer within the system. 
Figure 2.6 depicts the numerous signals associated with the 
FSA and the other components involved. 

a. External Signals 

The bubble memory controller communicates with a 
memory module through the 7245 FSA via a single 
bi-directional serial data line (DIO). The level of the 
command/data (C/D) line specifies whether signals on the DIO 
are to be interpreted as commands or data. Direction of 



1 This section is based on information about the existing 
7244 FSA chip and the expected capabilities of the 7245 chip 
as described in advance information provided by Intel. See 
Appendix E. 
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Figure 2.6 7245 Formatter/Sense Amp Chip Signals. 

data flow on the DIO depends on the received command which 
dictates the memory operation to be performed. The 
controller also provides reset and timing signals and 
responds to error signals generated if a 7245 FSA built-in 
error correction scheme discovers a discrepancy during data 
extraction from the memory chip. 

The bubble memory controller enables operation 
of a module and establishes communication with the FSA using 
the chip "select in" line. In multi-module configurations, 
this chip select signal is passed from module to module to 
establish a time-multiplexed communication between the 
bubble memory controller and each module FSA individually. 
This process is discussed again later in this chapter and 
explained in detail in Appendix B. 

Bubble generate signals are sent to the 7234 CPG 
in proper sequence for data input to the memory. Millivolt 
signals from the bubble detection circuits are sensed and 
amplified during a memory read and reconstruct ed intc the 
original data stream for output. 

The 7245 also produces enable signals to the 
7234 CPG and 7250 CPD chips. These components and the 
current supply to the 7114 MEM detection circuits are only 
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enabled when required by the memory access operation. This 
reduces power consumption during times the system is not 
actively transferring data. 

b. Internal Operations 

The 7245 FSA is prepared for up-coming opera- 
tions by the input cf a four-bit command code sent by the 
bubble memory controller over the serial data line, with the 
appropriate level on the command/data line. The commands 
include initialize, reset, and memory read and write opera- 
tions as well as specifying the error-correction scheme and 
checking cf the FSA status register. 

Data are passed through a 540-bit first-in/ 
first-out (FIFO) buffer where 28 bits of error correcting 
code are appended or checked for each entire 512-bit page of 
data transferred. 

Another register holds the bootloop information, 
extracted from the memory chip, used to correlate data with 
operating storage loops during input and output operations. 

5. The Fou r-Megabit Memory 11 Module 11 

The components described above can be combined to 
form the basic block cf memory storage capability which will 
be referred to as a memory "module" . Each module is capable 
of transferring and storing up to four-megabits of digital 
information under guidance of a bubble memory controller. 
The controller, which may be associated with multiple memory 
modules, is described in the next section. 

B. THE 7225 BOBBLE HEMORI CONTBOLLEB 

Use of a dedicated device to control the internal func- 
tions required within the magnetic bubble memory system is 
an improvement over early designs in which the user was 
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